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Moving Toward Precision Medicine in Psoriasis and 
Psoriatic Arthritis
Christopher T. Ritchlin, Stephen R. Pennington, Nick J. Reynolds,  
and Oliver FitzGerald 

ABSTRACT.	 Current management approaches for the treatment of psoriasis and psoriatic arthritis (PsA) are impre-
cise and depend largely on clinical assessment. A more precise approach, which takes into account an 
individual patient’s variations in genes, proteins, environment, and lifestyle, is beginning to receive 
attention with the most advanced progress seen in the treatment of cancer. Herein, the methodolog-
ical approaches required for this precision medicine approach to be adopted in psoriatic disease, as 
well as their advantages, are reviewed. In addition, advances that are being made to address areas 
of unmet need in PsA, notably the use of proteomic approaches, are presented with suggestions 
that combine genetic and protein data (proteogenomics). Finally, progress that is being made in 2 
large-scale, multipartner studies focused on the development of a precision medicine approach to 
the treatment of skin psoriasis is presented and discussed. (J Rheumatol Suppl. 2020 June;96:19–24;  
doi:10.3899/jrheum.200122)
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The current therapy selection process for patients with pso-
riasis and psoriatic arthritis (PsA) is imprecise and largely 
empirical. Many factors contribute to therapy selection, 
including a physician’s experience with psoriasis and PsA 
treatment, as well as clinical phenotypic features, comorbid-
ities, patient preferences, pharmaceutical marketing strate-
gies, and financial or payor restraints. It is a difficult and 
perplexing experience for a patient who has active disease, 
because failure to respond adequately to treatment typically 
precipitates a cycle of therapy changes before a treatment is 
“stumbled upon” that results in a meaningful benefit. 
	 The increasing development and success of biologic 
treatment for psoriasis has resulted in many patients achiev-
ing complete or almost complete skin responses [Psoriasis 
Area Severity Index (PASI) 100 or 90 responses, respective-
ly]1,2. Nevertheless, only a proportion of patients achieve 
such outcomes to the first prescribed biologic, and patients 
typically cycle through a number of agents before achieving 
an adequate response3,4. Moreover, for patients with PsA, 
the fairly low bar of the American College of Rheumatology 
(ACR) 20 response is met in 40–60% of randomized con-
trolled trials with disease-modifying antirheumatic drugs. 
Thus, more than 40% of patients do not respond according 
to current definitions, and those who do respond often still 
have substantial levels of active disease. Further, divergent 
responses are not uncommon, whereby one component of 
disease will respond but another disease component will not 
or will get worse. Together, these responses contribute to 
poorer short-term and longterm outcomes. Because of this, 
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a better method of treatment selection needs to be devel-
oped; the treatment paradigm must move from a paradigm 
in which all patients appear to be equally likely to respond 
to all available treatments, to a treatment paradigm where, 
based on a careful assessment of a patient’s clinical, genetic, 
and biomarker profile, a more rational treatment choice can 
be made.
	 Herein, Professor Christopher T. Ritchlin (USA) dis-
cusses how close we are to developing a precision medicine 
approach and reflects on the experience across the medical 
specialties. Next, Professor Stephen R. Pennington (Ireland) 
reviews progress related to the development of precision 
medicine approaches in psoriatic disease, predominantly 
PsA. Last, Professor Nick J. Reynolds (UK) discusses psori-
asis and provides an update from the British Association of 
Dermatologists’ Biologics and Immunomodulators Register 
(BADBIR) and Psoriasis Stratification to Optimise Relevant 
Therapy (PSORT) project. 

Precision Medicine: How Near Are We to Perfection? 
PsA is characterized by great complexity and heterogene-
ity. Complexity is observed in the interaction of several dif-
ferent cellular and molecular pathways that are present in 
multiple tissues, as well as the diversity of domain (skin, 
joints, spine, enthesitis, dactylitis) involvement that varies 
widely from patient to patient5. Heterogeneity is exempli-
fied by the wide range and combination of skin and muscu-
loskeletal phenotypes and the associated comorbidities that 
greatly complicate diagnosis and therapy. Indeed, despite 
the approval of 11 agents in the USA to treat PsA, therapeu-
tic responses have not risen significantly when compared to 
outcomes reported in the early trials with anti-tumor necro-
sis factor agents over 15 years ago6. Thus, it is imperative 
that we develop new strategies to define the dominant patho-
physiologic pathways and link basic scientific discoveries 
to key clinical variables. Fortunately, major technological 
advances over the past several years provide unparalleled 
opportunities to examine cellular and molecular pathways 
and interactions in the blood and tissue that provide the crit-
ical tools that are necessary to apply a precision medicine 
approach to the care of the patient with PsA. 
	 Precision medicine is defined as “an emerging approach 
for disease treatment and prevention that takes into account 
individual variability in genes, environment, and lifestyle 
for each person”7. Combining precision and personalized 
medicine in the evaluation of the patient with PsA will  
allow us to fully address complexity and heterogeneity and 
apply a tailored therapeutic methodology. In this section, the 
technologies that are now available to define specific cell 
subpopulations, the importance of examining target tissues 
in addition to sampling the blood, and the required steps to 
convert the electronic medical record (EMR) from a billing 
document to a rich resource for the collection and analysis 
of patient-related data will be discussed.

	 The application of new technologies to the study of cells 
and signaling pathways in the blood and synovial tissues 
provides new insights into key pathophysiologic mech-
anisms and relevant effectors8. In particular, transcrip- 
tomic profiling of cells at the single cell (sc) level [sc RNA  
sequencing (seq)] has revealed that cells of the same  
lineage that express interleukin (IL)-17 express distinct 
mRNA profiles that differ dramatically in different target 
tissues from patient to patient9,10. Hence, data derived from 
flow cyto​metry or immunohistochemistry do not reveal the 
full complexity and heterogeneity of the pathologic process. 
Additional technologies are also providing a view of key 
pathologic events in patients with inflammatory arthritis, 
including ATAC-seq (Assay for Transposase-Accessible 
Chromatin using sequencing) for analysis of the epigenome 
and cytometry by time-of-flight (a type of flow cytometry 
that uses heavy metals instead of fluorochromes to label 
antibodies). These technologies have greatly expanded the 
number of surface markers that can be examined. The read-
out for this technology is by mass spectrometry (MS). 
	 CITE-seq (Cellular Indexing of Transcriptomes and Epi-
topes by sequencing), a method that connects RNA seq with 
qualitative and quantitative data on surface proteins at the 
sc level, is a promising technology that provides a more 
comprehensive picture through the simultaneous analysis of 
both RNA and protein expression. The functional topology 
of cells in target tissues can now be understood through the 
use of Slide-seq to study cellular transcriptomes on tissue 
sections and laser capture microdissection, in which specific 
cells of interest are isolated and analyzed from microscopic 
regions of tissues. It is also important to note that the cost of 
the new technologies is declining owing to the development 
of low-cost alternative methodologies11.
	 Various publications emphasize that understanding key 
pathologic events in inflammatory arthritis requires the 
analysis of cells and pathways in the synovial tissue that 
are often not revealed by sampling the peripheral blood. For  
example, scRNA analysis of rheumatoid synovium revealed 
subsets of Thy1+ and Thy1–fibroblastoid cells with distinct 
locations in the synovial membrane and that these subsets 
are characterized by discrete effector functions such as tis-
sue degradation and the release of inflammatory cytokines12. 
It has also been demonstrated that specific Type 17 cells are 
sequestered in the synovium and not the blood in PsA13. 
Subsets that are of interest as key effectors in PsA include 
CD8+ resident memory T cells14, gamma delta T cells15, and 
monocytes with surface markers linked to effector func-
tion16. It is anticipated that the study of synovium, skin, and 
blood from patients with psoriatic disease will foster a preci-
sion medicine strategy that can be individualized to a single 
patient. Of course, such studies will require tissue sampling 
from the synovium as well as the skin, and it is likely that the 
technologies for safe and rapid sampling of synovial tissue 
will also evolve rapidly. 
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	 Detailed phenotypic and outcomes data are critical to 
place the findings of blood and tissue analysis in context. 
Currently, EMR collect an abundance of relevant patient  
information, but they are primarily organized for coding and 
billing. Efforts are under way to better organize and analyze 
this vast trove of data to improve patient care17. The current 
datasets will require better categorization, which is compli-
cated by the need to integrate formats and structures from 
a number of different sources18. Ontogenies, which define 
relationships between concepts that can foster logical rea-
soning, will need to be developed. These efforts will be cat-
alyzed by applied statistical methods and machine learning. 
Moreover, the availability of wearable health devices and 
biomonitoring will provide a rich source of patient data that 
can help advance diagnostics and therapeutics. 
	 Precision medicine in the current era is far from per-
fection. Yet we are witnessing a revolution in technologies 
that reveal detailed information on molecular and cellular 
processes in the blood and tissue that will shape diagnos-
tic and therapeutic strategies with high specificity. These 
efforts will be amplified by the availability of high-quality 
phenotypic and outcomes data to inform treatment decisions 
on individual patients. It is anticipated that this revolution 
will greatly alter the diagnostic and therapeutic landscape in  
psoriasis and PsA in the near future. 

Applying Precision Medicine to Psoriatic Disease
Precision medicine is an emerging approach to disease treat-
ment and prevention that considers individual variability in 
genes, environment, and lifestyle. Currently, rheumatolo-
gists tailor their clinical treatment decisions to detailed clin-
ical assessment and individual patient factors that include 
age, sex, patient preferences, locally available resources, 
preexisting conditions, comorbidities, and other mitigating 
circumstances. Precision medicine represents a new fron-
tier for improving patient outcomes in psoriatic disease that 
combines data generated by genomics with other omics, 
including proteomics and metabolomics. Using “big data” 
analytics with machine-learning and artificial intelligence 
approaches, an individual’s molecular and clinical data can 
be analyzed against a background of population-level data. 
	 While significant and impressive advances are  
being made in some disease areas (notably oncology),  
other specialties are seemingly adopting these new molecular,  
data-driven strategies in a more measured (slower) approach. 
To date, the implementation of precision medicine has relied 
largely on genomic data. While this is undoubtedly import-
ant, it represents just one component of the complex inter-
play between genes and environment that contributes to an 
individual’s clinical presentation and response to therapeu-
tic intervention(s). As the reliability and throughput of other 
omics technologies improve the quality and quantity of the 
data they can generate, they will increasingly be included 
in data-driven precision medicine. Indeed, as long ago as 

2004, Leroy Hood, who was responsible for the first gas-
phase protein sequencer (1982), DNA synthesizer (1983), 
peptide synthesizer (1984), and automated DNA sequencer 
(1986), began to introduce the concept of Predictive, Pre-
ventive, Personalized, and Participatory (P4)19 medicine. In 
it, systems medicine big data would be analyzed by meth-
ods created in the digital revolution, and when combined 
with social networks, deliver a new era of P4 medicine20. 
Combining genomic with proteomic data, 1 form of “pro-
teogenomics” is set to revolutionize precision medicine, 
and again, it seems that oncology leads the way21. Because 
proteins are the main molecular executors of biological  
processes, Hood and Flores suggest that, of all the omics, 
proteomics has the greatest potential to improve the health 
of individuals20.
 	 Biomarkers, which are measurable indicators of disease 
(current or future status), play a key role in the delivery of 
healthcare and the development of new omics biomarkers 
that will underpin the delivery of precision medicine. At 
present, many diagnostic tests rely on the measurement of 
individual proteins in blood. It has been argued that new-
er diagnostics will comprise signatures of multiple proteins 
and other analytes that, when combined with relevant clin-
ical data, will support precision medicine. Clearly, the het-
erogeneity of PsA represents an ideal opportunity for the 
development of multiplexed protein biomarker signatures, 
including those that might help stratify treatment and identi-
fy changes in disease activity with treatment.

Key Areas of Unmet Need in PsA
The Group for Research and Assessment of Psoriasis and 
PsA (GRAPPA) Collaborative Research Network has identi-
fied key areas of unmet need in PsA that include (1) the iden-
tification of patients with psoriasis who will develop PsA, 
(2) the development of markers of PsA disease progression 
to guide therapies and prevent irreversible joint damage, 
and (3) the prediction of response to treatment in PsA and  
psoriasis. 
(1) Identification of patients with psoriasis who will devel-
op PsA. About 30% of patients with psoriasis develop PsA. 
This transition and progression are determined by a complex 
interplay of genes, microbiome, immune system modula-
tion, and environmental exposures. Notably, from an epide-
miological perspective, key etiologic risk factors have been 
identified. Subclinical changes in the entheses and joints 
have been investigated in psoriasis cases using ultrasound 
and magnetic resonance imaging to ascertain whether they 
predict progression to PsA. However, there are limited pro-
spective data, and results are heterogeneous. 
	 Again, the expectation is that new molecular markers 
will support the early identification of those patients who 
are progressing to PsA. It is established that HLA genotype 
modulates disease expression in PsA. This highlights the 
need for dense genotyping of immune-related susceptibil-
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ity loci and the emerging and compelling evidence for the 
existence of PsA-specific risk loci22. While HLA-B27 is 
the best available genetic marker of progression to PsA in  
patients with skin psoriasis, whether susceptibility loci iden-
tified as being specific to PsA are sufficiently sensitive and/or  
specific to discriminate those who may develop PsA from 
those with psoriasis without PsA is still debatable. Combin-
ing protein markers with data on HLA haplotype may sup-
port the more precise and accurate early detection of PsA in 
patients with psoriasis.
(2) PsA disease progression to irreversible joint dam-
age. Known clinical prognostic markers of progression to 
joint damage include polyarticular disease, dactylitis, high 
acute‑phase response, and delayed presentation to specialist 
rheumatology care. Joint erosions and damage are markers 
of severe disease and have previously been demonstrated 
to be associated with poorer functional status, higher eco-
nomic effects, and a risk factor for mortality. The GRAPPA 
PsA-BioDAM project was developed with the primary  
objective of determining the independent predictive ability 
of serum biomarkers for joint damage, with the hypothesis 
that surrogate protein biomarkers will predict which patients 
are at risk for peripheral radiographic damage in PsA. 
(3) Prediction of response to treatment in PsA and psori-
asis. There remains a major unmet need for biomarkers to 
predict treatment response in PsA and psoriasis. In oncolo-
gy, disease management is now molecularly guided to treat-
ments that are less likely to be toxic and more likely to be 
efficacious with resultant improved clinical outcomes. This 
“personalized” and “precise” approach, which is tailored to 
the individual patient’s genetic, epigenetic, cellular, and/or 
molecular phenotype, is much needed in psoriatic disease 
management. The current treatment paradigm in psoriatic 
disease is imprecise. Treatment choices may lead to poorly 
controlled disease, and ultimately to progressive structural 
damage. A precision medicine approach in psoriatic disease 
could provide a more rational stepwise approach; speedi-
er achievement and maintenance of treat-to-target goals of 
remission or low disease activity; better prediction of an  
adverse effect profile; reduced toxicity; less structural dam-
age; better work productivity; and “guided regimes” for 
treatment maintenance, tapering, or withdrawal. 
	 In ongoing work, Professors Pennington and Oliver 
FitzGerald have combined data from several previous  
studies22,23,24,25 to develop the Protein Biomarker Assays for 
PsA (PAPRICA), which allows for the simultaneous mea-
surement of over 200 candidate blood protein biomarkers. 
This assay works by using a powerful targeted proteomics 
strategy, in which multiple proteins known to have an asso-
ciation with a particular disease (such as PsA) are measured 
simultaneously by targeting peptides (fragments of pro-
teins). The measurement technology exploits peptide sepa-
ration by liquid chromatography (LC) and precise, sensitive, 
and quantitative detection of peptides by MS, called LC/MS. 

The specificity of the method — knowing which peptides 
are measured — is assured by fragmenting the peptides in 
the mass spectrometer and measuring the peptide fragments 
in a state-of-the-art technique known as multiple reaction 
monitoring (MRM). Targeted proteomics was recognized as 
Nature Methods magazine’s Method of the Year in 201226. 
The University College Dublin (UCD) team published one 
of the first multiplexed protein MRM assays in 200627, an 
assay that is now commercially available from international 
reagent and laboratory tool provider Merck-Sigma. 
	 The PAPRICA biomarker panel is undertaken using a 
blood serum sample that, after a preparation process that 
UCD has streamlined, is analyzed on a triple quadrupole 
mass spectrometer. The data from the measurement of the 
multiple peptides is in turn analyzed by machine-learning 
approaches, including random forests and Bayesian Addi-
tive Regression Trees28. 
	 PAPRICA has several key advantages, including that it 
is minimally invasive (liquid biopsy), has 200+ blood pro-
tein biomarkers that can be measured simultaneously from a 
2-µL blood (serum) sample, allows proteins to be measured 
precisely in a triple quad mass spectrometer, allows data to 
be combined and analyzed by machine learning, and has a 
sample-to-sample assay time of 72 min. The development of 
the PAPRICA assay and other complementary strategies has 
the capacity to underpin the development of more effective 
decision-making tools for a precision medicine approach for 
PsA.

Toward Precision Medicine in Psoriasis: Update from 
the BADBIR and PSORT Programs
The World Health Organization 2016 report on psoriasis  
recommended that patients should have access to “compre-
hensive, individually adapted treatment,” which is essen-
tially personalized or precision medicine (ifpa-pso.com/
our-actions/advocacy/who-global-report). Although great 
advances have been made with the development of biolog-
ics and new small-molecule agents, many therapeutic chal-
lenges remain. These include how best to use the therapeutic 
agents that are available to cost-effectively induce disease 
clearance, and importantly, to maintain remission across 
all disease phenotypes and severities. Precision or stratified 
medicine is based on the idea that there are subpopulations 
within a disease category (e.g., chronic plaque psoriasis) 
that can be identified using biomarkers, preferably at base-
line (prior to therapeutic intervention) or during the early 
phases of therapy. Such biomarkers can be used to predict 
clinical response to specific drugs (and/or adverse events) 
and thereby guide the choice of the most suitable therapeu-
tic agent for particular subjects. These concepts have been 
primarily developed in the cancer field but are now being 
applied to a range of inflammatory disorders, as illustrated 
below in 2 UK-based studies, BADBIR and PSORT. 
	 Linked to the identification of these subpopulations is the 
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concept of disease and drug endotypes29. The concept of dis-
ease endotype implies that a clinical label such as psoriasis 
is an umbrella term, beneath which sit subgroups that can be 
defined by genetics and molecular mechanisms that associ-
ate with specific clinical phenotypes or drug pharmacolo-
gy. One example is generalized pustular psoriasis, in which  
anti–IL-1 and anti–IL-36 drugs are predicted on the basis 
of underlying pathophysiological mechanisms, to block the  
abnormal signaling pathway in this subset of patients.  
Indeed, early-phase trials have shown dramatic improve-
ment within days of receiving a single intravenous dose of a 
monoclonal antibody against the IL-36 receptor, which was 
not dependent on the presence of the IL-36RN mutation30. 
This elegant study provides evidence that molecular defi-
nition of a psoriasis disease endotype informs precise drug 
targeting.
	 BADBIR is a prospective, longitudinal, observational 
study of patients with psoriasis who started or switched to 
biologic, conventional, or small-molecular systemic therapy 
within the previous 6 months31. To date, BADBIR has en-
rolled about 17,000 participants, about one-third of whom 
have contributed to the bioresource. Several publications 
have emanated from BADBIR that are relevant to the con-
cepts of precision medicine. For example, overall, 77% of 
subjects starting a biologic or switching from one biologic 
to another continue taking this biologic for at least 1 year, 
reinforcing the effectiveness of biologics in real-life prac-
tice3,4. However, there were clear differences in effective-
ness (measured as persistence on therapy) between differ-
ent biologics3,4. Moreover, subjects experiencing treatment 
failure with one biologic therapy benefited from switch-
ing to another4. For example, as compared to adalimum-
ab (ADA), etanercept was a predictor for discontinuation, 
whereas ustekinumab was a predictor for drug persistence 
in both biologic-naive subjects and those switching bio-
logics. Notably, multiple comorbidities predicted with- 
drawal after switching. A number of demographic and clin-
ical factors were associated with reduced odds of achieving  
≥ 90% improvement in PASI at 6 months: female sex (0.78, 
95% CI 0.66–0.93), social status (such as unemployment), 
current or former smoking history, psoriasis of the palms  
and/or soles, and the presence of small plaques [only 
compared with small and large plaques (0.78, 95% CI  
0.62–0.96)]32. On the other hand, white ethnicity and  
higher baseline PASI were associated with increased odds 
of achieving PASI 90. These types of clinical variables are  
being built into ongoing studies that are aiming to derive 
biomarkers and to construct an algorithm for testing in clin-
ical practice.
	 PSORT is a multidisciplinary consortium, comprising 
a number of UK academic institutions, life science com-
panies, and patient groups. Its principal aims are to investi-
gate disease and drug endotype in psoriasis and derive clini-
cally relevant and scalable biomarkers to stratify response to 

biologic therapy. PSORT’s integrative structure comprises 
2 main workstreams with appropriately powered discovery, 
refinement, and validation cohorts. The discovery cohort 
comprises 82 deeply phenotyped subjects who were starting 
biologic therapy (ustekinumab or ADA) in routine clinical 
practice. Blood and skin samples were collected at pre-
specified intervals on patients at baseline through Week 12.  
Ongoing analyses include drug levels, flow cytometry/mass 
cytometry, DNA for genotyping, and RNAseq of both skin 
and blood samples. PSORT has placed significant empha-
sis on building up the data layer by layer, as well as data 
integration and health economic analysis. To date, PSORT 
has derived normal serum drug ranges for ADA and usteki-
numab and has shown that early drug levels of ADA pre-
dict clinical outcome at 6 months into treatment33,34. It has 
also shown that HLA-C*0602–negative patients are more 
likely to respond to ADA (measured as PASI 90 clinical  
response)35. Ultimately, PSORT aims to derive a multifac-
eted algorithm that integrates clinical RNAseq and genetic 
data, as well as serum drug levels that have been shown to 
be predictive of response in a recent study of ADA33. These 
studies provide increased evidence that a better understand-
ing of disease and drug endotypes will allow for the clinical 
application of precision medicine. 
	 There are many challenges, though, and these efforts will 
require an integrative systems approach. These efforts will 
also require innovative analytical frameworks to deal with 
the high-dimensional datasets and to derive scalable algo-
rithms for testing in clinical settings. To succeed, there is a 
need to develop and champion academic and industrial part-
nerships as well as international collaborative networks. 

DISCUSSION
Herein, the need for the development of a precision medicine 
approach to the treatment of patients with psoriasis and PsA 
is discussed. Such an approach would replace the current 
inaccurate method whereby successful treatment is more  
often stumbled upon rather than chosen through a carefully 
crafted treatment algorithm. It is expected that a precision 
medicine approach will have several benefits, including a 
patient’s increased ability to participate in work and leisure 
activities. As well, a reduction is expected in the effect of 
the disease on levels of pain, in overall treatment cost, and 
in functional impairment that results from joint damage.  
Given several recent technological advances, the time is now  
appropriate to apply these approaches to psoriasis and PsA 
in academic and industrial partnerships as well as interna-
tional collaborative networks.  
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